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Directional Wavelets (PBDW)被用于 MRI 图像重建，相对于传统的稀疏变换，能
保留更多的图像细节。但是，如何结合这种自适应变换与并行成像达到更快的成



















































There are two common Nuclear Magnetic Resonance (NMR) signals: Magnetic 
Resonance Imaging (MRI) and nuclear Magnetic Resonance Spectroscopy (MRS), 
which are collected by the receive coils after the radio frequency electromagnetic 
exciting nuclei. MRI tries to remove the effect of chemical shift, and highlight the 
relaxation among the organization, which is commonly applied in various fields, e.g. 
brain, neck and cardiac systems. But the scanning time of this technology is limited 
by K-space resolution and field of view, which determine the number of sampling 
points. Scholars have tried to decrease the number to accelerate MRI and then 
reconstruct a high-quality MR image based on post-processing methods. The 
compressed sensing has been shown promising to speed up imaging process, and its 
combination with partially parallel imaging can further accelerate the data acquisition. 
For compressed sensing, a sparser representation of an image usually leads to lower 
reconstruction errors. Recently, a Patch-Based Directional Wavelets (PBDW), 
providing an adaptive sparse representation of image patches with geometric 
information, has been proposed in compressed sensing MRI to improve the edge 
reconstruction. However, it is still unknown how to incorporate PBDW into partially 
parallel imaging. Within MRS, it often utilizes the chemical shift to determine the 
type and content of metabolites, which is available for quantitative analysis, as a well 
complementary method, to help diagnose chronic diseases. The solid state NMR, as a 
useful tool for the analysis of solid state materials, has the limit of low 
Signal-to-Noise-Ratio (SNR). A common way to get the spectrum of good SNR is 
averaging the signals after many scans at the cost of more data acquisition time, 
preventing high-throughput experiments. To overcome these limitations, in this thesis, 
we propose new methods based on two aspects: 1) We propose to use Patch-Based 
Directional Redundant Wavelets (PBDRW) as an adaptive sparsifying transform in 
compressed sensing sensitivity encoding, and wed the new method with radial 
sampling to achieve higher acceleration factors. Results from simulation and in vivo 
data indicate that PBDRW in sensitivity encoding achieves lower reconstruction 
errors and preserves more image details than traditional total variation and wavelets. 2) 















new denoising method, Convex Hankel lOw Rank matrix approximation for 
Denoising NMR time-domain signal (CHORD) is proposed to alleviate this 
contradiction. CHORD has the strong denoising ability thus saving large amount of 
time in re-sampling. It is also very robust with only one parameter to adjust in the 
algorithm. The experiments and simulations show that CHORD can at least save 80% 
of the rescanning time. 
 
 





























保真重建图像的细节是 MRI 图像重建的一大挑战。 
 
 
  (a)无伪影               (b)运动伪影 
图 1.1 脑部 MRI 图 
资料来源：James G. Pipe, Motion Correction with PROPELLER MRI: Application to Head Motion and 
Free-Breathing Cardiac Imaging [J], Magn Reson Med, 1999. 
 
1.1.2 核磁共振波谱的意义和挑战 
核磁共振(Nuclear Magnetic Resonance, NMR)波谱被广泛运用于分析物质的
内在结构和动态化学反应。一般由化学位移确定所属基团，由偶合常数、耦合分
裂峰数来确定基团联结关系，再根据各积分面积定出各基团质子数比[9]。然而，
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